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1
(TRIORGANOSILYL)ALKYNES AND THEIR
DERIVATIVES AND A NEW CATALYTIC
METHOD FOR OBTAINING NEW AND
CONVENTIONAL SUBSTITUTED
(TRIORGANOSILYL)ALKYNES AND THEIR
DERIVATIVES

The present invention relates to new (triorganosilyl)
alkynes and their derivatives and a new selective method for
obtaining new and conventional (triorganosilyl)alkynes and
their derivatives by the silylative coupling of terminal alkynes
with halogenotriorganosilanes.

Known methods for the synthesis of substituted triorga-
nosilylalkynes may be divided in two groups: non-catalytic
reactions, and processes catalyzed with transition metal com-
plexes.

The former comprises mainly stoichiometric reactions
between halogenotriorganosilanes and organolithium or
organomagnesium compounds. The obtaining of functional-
ized, substituted triorganosilylalkynes based on stoichiomet-
ric reactions of halogenosilanes with alkinyloorganic com-
pounds of lithium or magnesium enables the synthesis of a
wide range of this type of compounds (1).

An organosilyl substituent may be introduced also with the
use of lithium triorganosilylacetylide (Li*° “C=CSiR,) in a
reaction with suitable alkyl-aryl ketones, leading to function-
alized substituted triorganosilylalkynes (2).

Alternatively, Arcadi (3) disclosed a method for the syn-
thesis of 1-N,N-bis(trimethyl-silyl)amino-3-trimethylsilylo-
prop-2-yne by reacting lithium N,N-bis(trimethylsily-
lamino)-propynyl with chlorotrimethylsilane.

Corriu (4) described a method to obtain 1-N,N-bis(trim-
ethylsilyl)amino-3-trimethylsilylprop-2-yne by reacting
(3-bromoprop-1-yne-1-yl)trimethylsilane with lithium N,N-
bis(trimethylsilyl)amide.

Both methods require the use of strongly reactive organo-
metallic reagents (Li, Mg), which are very expensive or are
unstable and must be synthesized just before carrying out the
reaction concerned, which makes it difficult to obtain the
intended substituted triorganosilylalkynes, especially in a
larger scale. The high reactivity of the organometallic deriva-
tives of these metals results in the formation of a large quan-
tity of undesirable reaction products, lowering the yield of the
main product (silylalkyne), and making it difficult to isolate
such product from the resulting reaction mixture.

Another known method to obtain aminofunctional ethy-
nylsilanes, as disclosed by Maclnnnes (5), is a reaction
between chlorotrimethylsilane, propargyl bromide, and hex-
amethyldisilazane, initiated by organic peroxides (5). Theuse
of explosive organic peroxides as initiators of radical reac-
tions is very troublesome: special precautions in carrying out
the process and monitoring the course of the process are
required.

Another group of methods enabling the synthesis of sub-
stituted triorganosilylalkynes are reactions of direct silylation
of'terminal alkynes in the presence of stoichiometric amounts
of zinc salts (ZnCl,, Zn(OSO,CF;),). This group comprises
the silylation of terminal alkynes with the use of silylamines
(6), chlorosilanes (7), as well as trimethylsilyl triffuorometh-
ylsulfonate (F;CS(0),08iMe;) (8). Although such methods
are characterized by good yields and selectivities, they
require the use of zinc salts as intermediate reacting sub-
stances in at least equimolar amounts relative to the terminal
alkyne, as well as very high, even 10-fold, stoichiometric
excess of silylating reagents. In the case of chlorosilanes or
F,CS(0),0SiMe; it is also necessary to use tertiary amines
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which bind the trifluoromethylsulfonic acid or hydrogen
halide being formed during the reaction.

A method is known to synthesize bissilyl-functionalized
dialkynes by way of a photochemical reaction of a suitable
silylene precursor (such as 1,1-ditertbutylsila-2,3-dimethyl-
cyclopropane) with 1,4-substituted-1,3-butadiyne (9). How-
ever, the method is characterized by a very low yield, not
exceeding 52%. Ditertbutylsilylene, which is formed during
the reaction is an explosive compound, which limits any
chances of the commercial use of the method.

Substituted triorganosilylalkynes are obtained in reactions,
which are catalyzed by transition metal complexes or salts.
An example of a reaction, catalyzed by transition metal com-
plexes, to obtain substituted triorganosilylalkynes, is a cou-
pling reaction between triorganosilylethynyl lithium or -mag-
nesium with alkyl halides (10) or ethynyltriorganosilane with
alkenyl or aryl halides in the presence of palladium com-
plexes (11). The methods are characterized by highly variable
selectivity which is up to 80%, depending on the type of
reacting substances and catalysts used. Proper reaction prod-
ucts are also accompanied by numerous by-products, includ-
ing dimers of the starting alkynes, which makes it difficult to
isolate and purify silylalkynes from the post-reaction mix-
ture.

Those skilled in the art are familiar with methods to obtain
triorganosilylalkynes in reactions between terminal alkynes
and triorganosubstituted silanes, catalyzed by iridium com-
plexes (12). Such methods are based on dehydrogenative
silylation reaction, which produces a triorganosilyl-function-
alized alkyne and a number of by-products. If known iridium
catalysts are used, the desirable product is obtained with a
yield of not more than 40% because other, competing reac-
tions are taking place at the same time. However, the compo-
sitions of the resulting post-reaction mixtures are so complex
that the method is hardly of any practical use.

Disclosed in the Patent Application WO 2008020774 is a
method for the synthesis of substituted triorganosilylalkynes
by the silylating coupling of vinyl-substituted compounds of
silicon and terminal alkynes in the presence of ruthenium(II)
complexes. The process proceeds with good and high yields,
although the desirable products may be accompanied by
products of homocoupling of vinyl-substituted organosilicon
compounds, affecting the process selectivity.

Also known in the art is a method to synthesize triorga-
nosilylsubstituted alkynes in the process of cross-metathesis
of 1,2-bis(trimethylsilyl )ethyne with terminal alkynes in the
presence of a uranium complex (13). In this case as well, the
principal process is accompanied by a number of side reac-
tions, which reduce the yield of triorganosilylsubstituted
alkynes, and hinder the operations involved in their isolation
and purification; this reduces the final process efficiency.

Functionalized triorganosilylalkynes are also obtained by
alkynylation of silylenolates by means of chloroethynyl
silane in the presence of gallium(IIl) chloride (14) or by
reacting aldimines with ethynyltrimethylsilane, catalyzed by
iridium(I) complexes (15). Although such processes are char-
acterized by high yields and product selectivities, they require
the use of specific substrates in the form of aldimines, or
unstable substituted chloroethynyl silanes, which limits the
applicability of the method to the synthesis of only selected
triorganosilyl-functionalized alkynes.

Those skilled in the art are also familiar with the method, as
described by Arcadi (3), for the catalytic synthesis of substi-
tuted 1-(aminoaryl)-2-(triorganosilyl)alkynes in a reaction
between ethynyltriorganosilanes and haloarylamines in the
presence of the complex [Pd(O(O)CCHj;),(PPh,),] and tri-
ethylamine, which produces respective 1-(H,N-arylo)-2-(tri-
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organosilyl)ethynes. Such compounds are an intermediate
product in the synthesis of 1-(N,N-bis(triorganosilylamino)
aryl)-2-(triorganosilyl)ethynes, because only in the second
step it is necessary to carry out the reaction substituting the
hydrogen atoms in the amine group —NH,, with triorganosi-
Iyl substitutes. The method has the important drawback of the
necessity to use very specific haloarylamines.

Tomioka (16) described the method of coupling ethynyl-
triorganosilanes with respective halo-nitroaryl derivatives in
the presence of the complex [PdCl,(PPh;),] and triethy-
lamines whereby respective 1-(O,N-arylo)-2-(triorganosilyl)
ethynes are obtained.

Such compounds are an intermediate in the synthesis of
1-(N,N-bis(triorgano-silylamino)aryl)-2-(triorganosilyl)
ethynes, because only the following steps comprise the reduc-
tion of the nitro group (—NO,) to the amine group —(NH,),
followed by the substitution of hydrogen atoms in the amine
group —NH,, with triorganosilyl substitutes.

It was the purpose of this invention to provide new (trior-
ganosilyl)alkynes and their derivatives and a new method for
obtaining new and conventional (triorganosilyl)alkynes and
their derivatives.

The invention relates to new (triorganosilyl)alkynes, hav-
ing the general formula 1,

RI—C=C—7
in which
R! denotes —SiR*R*R* where R*R*R* are equal and
denote a C,_; alkyl group or phenyl and
Z denotes 3-N,N-bis(trimethylsilylamino)phenyl, 4-N,N-
bis(trimethylsilylamino)phenyl.
In its second aspect, this invention relates to a method to
obtain (triorganosilyl)alkynes and their derivatives, having
the general formula 1

M

RLC=C—Z
in which
R! denotes —SiR*R*R* where R*R*R* are equal and
denote a C, _s alkyl group or phenyl and
Z denotes 3-N,N-bis(trimethylsilylamino)phenyl, 4-N,N-
bis(trimethylsilylamino)phenyl, a group having the gen-
eral formula 2

M

—E—C=C—R! )

inwhich E denotes phenylene or a group having the general
formula 3

3
RS R7
Si Si
~ [ v |
RS ?RS

n

where
R>, RS R’, R® denote a C,_; alkyl group, phenyl group
o takes the value 1
n takes the value O or 1
Y denotes O or the group —CH,—CH,—
so that:
if n denotes 0, then R® and RS are equal to each other
or different,
ifn=1then R®>, R% R” and R® are equal to one another.
Unexpectedly, it was discovered that some iridium(I) com-
plexes having the general formula 4 form, in the presence of
atertiary amine having the general formula 5, an amine com-
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plex having the general formula 6 which catalyzes the selec-
tive reaction of silylative coupling of terminal alkynes with
halogenosilanes, which produces (triorganosilyl)alkynes or
their derivatives.

The catalyst used is an iridium complex having the general
formula 4,

H{Iru-ChH@L) ], Q)

in which L denotes (CO), or cis,cis-1,5-cyclooctadiene
(cod),

and a tertiary amine having the general formula 5

NA'AZA3 (3)

in which A'A2A? are equal or different and denote a C, 5
alkyl, a Cs_, cycloalkyl, an aryl, an arylalkyl, where the
alkyl chain contains C,_,, an alkylaryl where the alkyl
chain contains C,_,, so that none of the substitutes is a
heteroaryl or a heteroaryl derivative.

The iridium complex forms, with the amine which func-
tions as co-catalyst, a complex having the general formula 6

[CLL)(N A'A2A%)) (6)

in which L, A’ A2A? denote the same as stated above and this
complex only shows catalytic properties in the method of the
invention.

The catalyst, of which the structure has changed as the
result of combination with the amine, catalyzes the selective
reaction of silylative coupling of terminal alkynes with halo-
genosilanes, producing (triorganosilyl)alkynes and their
derivatives.

Preferably, the catalyst used is the complex [{Ir(u-C1)(CO)
2}2] .

The amine complex may be formed both in the reaction
between a terminal alkyne and a halogenosilane, or may be
introduced thereto as a final amine complex. In the former
case, the amine and the iridium complex are added to the
reaction medium and the amine complex is obtained in the
course of mixing; in the latter, the amine and the iridium
complex are dissolved in a solvent and mixed until the disso-
Iution of the starting iridium complex, which functions as a
pre-catalyst, and the formation with the tertiary amine of the
proper catalyst which is introduced in a suitable ratio to the
proper reaction medium.

Inthe method of'the invention, the iridium complex is used
in an amount in the range from 0.01 to 4 mol % relative to the
functional terminal ethynyl group.

The amine having the formula 5 is used with an at least
2.2-fold excess relative to the iridium ion in the complex used
plus an at least stoichiometric amount relative to the hydrogen
halide formed in the reaction between the terminal alkyne and
halogenosilanes.

The tertiary amine used in the method of the invention has
a double role: on the one hand, it functions as a co-catalyst
which, after being combined with the complex having the
general formula 4, will change its structure and lead to the
formation of a complex having the general formula 6; on the
other, its excess binds the hydrogen halide which is formed in
the reaction.

In its first embodiment, the method of the invention to
obtain new and conventional (triorganosilyl)alkynes having
the general formula 1, in which
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R' denotes —SiR*R’R*
where R*R3R* are equal or different and denote
aC, s alkyl,
a phenyl, an aryl containing from 1 to 5 alkyl substi-
tutes containing C, ,
a siloxy group having the formula 7,

M
R9

/
—O0—sSi—R’
\
R9

in which R® are equal or different and denote a C*-*
alkyl, an aryl, or alkylaryl, containing from 1 to
5 C,_, alkyl substitutes so that none of the
R?R’R* substitutes has a heteroaryl or a het-
eroaryl derivative,
7 denotes a group having the formula 2 in which R* denotes
the same as stated above
E denotes phenylene or a group having the formula 3, in
which:
R>,R® R7,R®denotea C,_; alkyl group, a phenyl group,
a siloxy group having the general formula 7, in which
R® denotes the same as stated above,
n takes the value 0 or 50
o takes the value 0 or 1
Y denotes O, the group (CH,),, where m=1-16, NR*°,
where the group R'° denotes H, a C, s alkyl, an aryl
containing from 1 to 5 C, .alkyl substitutes or alkoxy
substitutes having C, , alkyl radicals, an arylalkyl
where the alkyl chain contains C, ,, a silyl group
having the general formula 8,

®

in which the substitutes R*! are equal or different and
denote a C,_; alkyl, an aryl containing from 1 to 5
alkyl substitutes containing C, ,, a siloxy group
having the general formula 7, where R® denotes the
same as stated above except that the group R'° is
not a heteroaryl or a heteroaryl derivative,

so that:

if n=0, then R* and R are equal to each other or
different,

if n=1 and 0=1 and Y denotes (CH,),, or O or NR*°,
then R®, R®, R” and R® are equal to one another; or
the pairs R* and R”, R® and R®, R® and R®, R7 and
R®re equal to one another but different from
another pair,

if =1 and 0=0, then it is possible that R>, R®, R” and
R® are equal to one another; or the pairs R’ and R’,
R® and R® are equal but different from the other
pair,

ifY is O and n=2-50, then R*, R>, R® and R” are equal
to one another,

consists in reacting a suitable terminal alkyne having the
general formula 9, in which

H—C=C—Z ©)
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Z denotes the same as stated above, and a suitable halogenot-
riorganosilane having the general formula 10, in which

X—R! (10)

X denotes Cl, Br, I, particularly iodine,

R! denotes the same as stated above,
in the presence of an iridium catalyst having the formula 4 and
a tertiary amine having the general formula 5.

The iridium catalyst used is an iridium complex having the
general formula 4, preferably [{Ir(u-C1)(CO),},].

The catalyst is used in an amount in the range from 0.01 to
4 mol % relative to the functional terminal alkyne group,
preferably in an amount in the range 1-2 mol %.

In its second embodiment, the method of the invention to
obtain new and conventional (triorganosilyl)alkynes having
the general formula 1, in which

R' denotes —SiR*R*R*

where R*R3R* are equal or different and denote
aC, s alkyl, a Cg_, cycloalkyl,
a phenyl, an aryl containing from 1 to 5 alkyl substi-
tutes containing C, ,,
a siloxy group having the formula 7,

Q)
R9

/
—O0—sSi—R’
\
R9

in which R® are equal or different and denote a C, 5
alkyl, an aryl, or an alkylaryl, containing from 1
to 5 alkyl substitutes containing C, _,

so that none ofthe R*R>R* substitutes has a heteroaryl or
a heteroaryl derivative,

Z denotes:

a silyl group having the general formula 8 in which R**
denotes the same as stated above, a siloxy group hav-
ing the general formula 7 in which R® denotes the
same as stated above

a ferrocenyl group,

aC, 5 alkyl,

a C,_, cycloalkyl,

—CH2NR', in which R' denotes the same as stated
above

an arene with the fused aromatic ring number in the
range from 2 to 6,

a group having the general formula 11,

11
RIBRIMRISRI6RYT (a

R13R14R15R16

in which:

y takes the values O or 1, and w takes the values from
Oto2

R!2 denotes a C, _; alkylene group, a C_, cycloalky-
lene group,

R'3, R, R' R'® R!7 are equal or different and
denote a hydrogen atom, a C,_,, alkyl chain, a halo-
gen, an alkoxy group where the alkyl radical con-
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tains C,_5,—NH,, —OH, —OR' or NR, in which
R! denotes the same as stated above,
so that when:
in the general formula 11, w=1 and y=1, then R'?,
R, R'5, R'S, R'7 are equal or different and
denote a hydrogen atom, a C,_, alkyl chain, a
halogen, an alkoxy group in which the alkyl radi-
cal contains C, 5,
in the general formula, y=0 and w takes a value in
the range from O to 2, then R, R™* R RS,
R!7 denote the same as stated above and, more-
over, at least one of the substitutes R*>, R'#, R'>,
R'¢, R'7 denotes phenyl, aryl with the exception
of heteroaryls, —NH?, —OH, —OR' or NR',,
in which R' denotes the same as stated above
consists in reacting a suitable terminal alkyne having the
general formula 9 in which Z denotes the same as stated above
and a suitable halogenotriorganosilane having the general
formula 10 in which X denotes Cl, Br, I, particularly iodine,
and R! denotes the same as stated above, in the presence of an
iridium catalyst having the formula 4 and a tertiary amine
having the general formula 5.

The iridium catalyst used is an iridium complex having the
general formula 4, preferably [{Ir(u-C1)(CO),},].

The catalyst is used in an amount in the range from 0.01 to
4 mole % relative to the functional terminal alkyne group,
preferably in an amount in the range 0.5-1 mole %. In the
synthesis of the compounds containing amine substitutes, the
catalyst, preferably, is used in an amount in the range from 0.5
to 2 mole %.

In all the embodiments of the invention, a tertiary amine
having the general formula 5 is introduced, in a solvent at
ambient temperature and with vigorous mixing, to an iridium
complex, having the general formula 4, in the form of sus-
pension, and mixing is continued until the iridium complex is
dissolved.

A suitable terminal alkyne and a triorganohalogenosilane
are introduced one after another to the resulting system at a
room temperature and the resulting reaction mixture is heated
to atemperature above 60° C. but not higher than 140° C. until
the reaction is completed, i.e., until the complete conversion
of the starting terminal alkyne, whereupon raw product is
isolated and purified.

The reaction is carried out under inert gas in a solvent
selected from the group comprising aromatic organic com-
pounds, most preferably in toluene.

The reaction runs at any selected ratio of the reacting
substances, however, unfavourable ratios lead to the forma-
tion of a number of by-products. If the halogenotriorganosi-
lane is used at equimolar amounts relative to a single alkyne
group in the terminal alkyne, the process selectivity will not
reach its achievable maximum value because the products of
a number of competitive reactions, i.e., trimerization and
oligomerization of the starting terminal alkyne, are formed in
addition to the desirable product. If the system comprises an
at least 0.1-fold stoichiometric excess of the halogenotrior-
ganosilane and the tertiary amine relative to a single alkyne
group, then selectivity is shifted towards the proper product
having the general formula 1 by a more efficient binding of
hydrogen halide in the form of a suitable hydrogen ammo-
nium salt [HNA*A?A>]X, which results in effect in increased
process selectivity. According to the invention, the reaction is
preferably carried out at a 0.4-0.7-fold molar excess of the
halogenotriorganosilane and 0.5-0.8-fold molar excess of the
tertiary amine relative to a single functional alkyne group.
According to the invention, the reaction is carried out at a
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temperature in the range from 60-140° C., most preferably at
80° C. Generally, the reaction time is 24 hrs.
According to the method of the invention, the synthesis is
carried out under inert gas, most preferably argon, in a reac-
tor, which is protected from moisture. All liquid reacting
substances and the solvent ought to be dehydrated and deoxi-
dized because of the sensitivity and possible decomposition
of'the catalyst and the starting halogenosilane in the presence
oftrace amounts of water and oxygen. The reaction mixture is
then heated and mixed until the reaction is complete.
Reversing the sequence in which the reacting substances
are added, i.e., first the halogenotriorganosilane, second the
alkyne, and third the tertiary amine, is also possible although
this may lead to reduced process selectivity or a completely
blocked activity of the iridium catalytic system.
Raw product is isolated and purified by known methods.
Generally, isolation consists in evaporation of the solvent
from the post-reaction mixture, followed by separation of the
raw product from the catalyst and hydrogen triorganoammo-
nium halide, which is formed as a by-product, on a silica
gel-packed chromatographic column, using aliphatic hydro-
carbons, preferably hexane or pentane, as eluent.
In contrast to previously known, prior-art methods, synthe-
sis according to the method of the invention is a method of
which the selectivity reaches 98%, in which the catalyst is
used in small amounts and a much smaller stoichiometric
excess of the halogenotriorganosilane and the tertiary amine,
compared to the known method, described by Jiang.
The compounds obtained by the method of the invention
are useful as substrates, enabling the synthesis of molecular
and macromolecular compounds with a high mconjugated
multiple-bond systems with precisely dedicated chemical,
electronic, and optoelectronic properties for use in the manu-
facturing of electronic luminescent, photoluminescent ele-
ments, or photosensors.
The subject of the present invention is illustrated by means
of'examples, which are intended to illustrate rather than limit
the scope of the invention.
Products are identified based on the results of:
spectral analysis of 'H, *C and *°Si NMR, which have
been recorded using the spectrometers Brucker Ultra
Shield 600 MHz and Varian Mercury VT 400 MHz.

elemental analysis, performed using Vario EL. Elemental
apparatus.

Shown in Table 1 are data obtained by elementary analysis
and NMR.

EXAMPLE 1

A reactor with a capacity of 40 mL, equipped with a mag-
netic stirrer was filled, under argon atmosphere, with 0.0085
2 (0.015 mmol) of [{Ir(u-C1)(CO), },], and then with 8 mL of
anhydrous and deoxidized toluene and 0.7 g (5.4 mmol) of
NEt(i-Pr),. The whole mixture was stirred until the starting
iridium(I) complex was dissolved, and then 0.306 g (3mmol)
of phenylacetylene and 0.96 g (4.8 mmol) of ISiMe; were
added to the resulting mixture. The reaction was carried out at
a temperature of 80° C. until complete conversion of pheny-
lacetylene. After the reaction was completed, the solvent was
evaporated at a reduced pressure along with any residual
unreacted substrates in order to remove the catalyst from the
reaction mixture and then the residue was transferred onto a
chromatographic column packed with silica gel and product
was isolated using hexane as eluent. The solvent was initially
evaporated from the eluate, and the residual product was
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distilled by means of the “trap-to-trap” technique at a reduced
pressure to obtain 0.47 g of phenylethynyltrirnethylsilane,
with a yield of 90%.

EXAMPLE 2

Following the procedure used in Example 1, a reaction was
carried out between:
0.475 g (3 mmol) 4-t-Bu-phenylacetylene
0.96 g (4.8 mmol) of ISiMe;
in the presence of
0.0085 g (0.015 mmol) of the complex [{Ir(u-C1)(CO),} ]
0.70 g (5.4 mmol) of NEt(i-Pr),
The product was 0.59 g of 1-(4-t-Bu-phenyl)-2-trimethylsi-
lylethyne, obtained with a yield of 85%.

EXAMPLE 3

Following the procedure used in Example 1, a reaction was
carried out between:
0.511 g (3 mmol) of HC==CC(Me)(Et)(OSiMe,)
0.96 g (4.8 mmol) of ISiMe;
in the presence of:
0.017 g (0.03 mmol) of the complex [{Ir(u-C1)(CO),},]
0.70 g (5.4 mmol) of NEt(i-Pr),

The product was 0.68 g of 1-trimethylsilyl-3-methyl-3-trim-
ethylsiloxy-1-butyne, obtained with a yield of 94%.

EXAMPLE 4

Following the procedure used in Example 1, a reaction was
carried out between:

0.393 g (2 mmol) of 1-ethynyl-1-trimethylsiloxy-cyclo-

hexane

0.64 g (3.2 mmol) of ISiMe,

in the presence of:

0.0113 g (0.02 mmol) of the complex [{Ir(u-C1)(CO),}.]

0.47 g (3.6 mmol) of NEt(i-Pr),

The product was 0.51 g of 1-trimethyisilylethynyl-1-trim-
ethylsiloxy-cyclohexane, obtained with a yield of 95%.

EXAMPLE 5

A reactor with a capacity of 30 mL, equipped with a mag-
netic stirrer, was filled under argon atmosphere with 0.0113 g
(0.02 mmol) of the complex [{Ir(u-C1)(CO),},], 10 mL of
toluene and 0.827 g (6.4 mmol) of NEt(i-Pr),. The whole
mixture was stirred until the starting iridium(I) complex was
dissolved, and then 0.248 g (2 mmol) of 1-ethynyl-1-hy-
droxy-cyclohexane was added. In the following step, 1.200 g
(6 mmol) of ISiMe, was added slowly at a room temperature,
whereafter the mixture was heated to 80° C. while stirring
vigorously. The reaction was continued until complete con-
version of the starting alkyne. After the reaction was com-
pleted the solvent was evaporated at a reduced pressure along
with any unreacted substrates, The silylation product was
isolated by means of pentane, using a cannula system. The
solvent was initially evaporated from the extract, and then a
raw product was purified on a SiO,-packed column (modified
with a 15% hexane solution of Et;N), using hexane as eluent.
The product was 0.52 g of 1-trimethylsilylethynyl-1-trimeth-
ylsiloxy-cyclohexane, obtained with a yield of 91%.
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EXAMPLE 6

Following the procedure used in Example 1, a reaction was
carried out between:
0.561 g (2 mmol) of 3,3-diphenyl-3-trimethylsiloxy- 1-pro-
pyne
0.64 g (3.2 mmol) of ISiMe,
in the presence of:
0.0113 g (0.02 mmol) of the complex [{Ir(u-C1)(CO),} ]
0.47 g (3.6 mmol) of NEt(i-Pr),
The product was 0.67 g of 1-trimethylsilyl-3,3-diphenyl-3-
trimethylsiloxy-1-propyne, obtained with a yield of 95%.

EXAMPLE 7

Following the procedure used in Example 1, a reaction was
carried out between:
0.42 g (2 mmol) of ethynylferrocene
0.64 g (3.2 mmol) of ISiMe,
in the presence of:
0.0113 g (0.02 mmol) of the complex [{Ir(u-C1)(CO),} ]
0.47 g (3.6 mmol) of NEt(i-Pr),
The product was 0.51 g of 1-ferrocenyl-2-trimethylsilyl-
ethyne, obtained with a yield of 90%.

EXAMPLE 8

Following the procedure used in Example 1, a reaction was
carried out between:
0.363 g (2 mmol) of HC=CSi(iPr),
0.64 g (3.2 mmol) of ISiMe,
in the presence of:
0.0113 g (0.02 mmol) of the complex [{Ir(u-C1)(CO),} ]
0.47 g (3.6 mmol) of NEt(i-Pr),
The product was 0.49 g of 1-(tri-iso-propylsilyl)-2-trimeth-
ylsilylethyne, obtained with a yield of 97%.

EXAMPLE 9

Following the procedure used in Example 1, a reaction was
carried out between:
0.32 g (2 mmol) of HC=SiMe,Ph
0.64 g (3.2 mmol) of ISiMe,
in the presence of:
0.0113 g (0.02 mmol) of the complex [{Ir(u-C1)(CO),} ]
0.47 g (3.6 mmol) of NEt(i-Pr),
The product was 0.44 g of 1-dimethylphenylsilyl-2-trimeth-
ylsilylethyne, obtained with a yield of 95%.

EXAMPLE 10

A reactor with a capacity of 25 mL, equipped with a mag-
netic stirrer was filled, under argon atmosphere, with 0.017 g
(0.03 mmol) of [{Ir(u-C1)(CO),} ], and then with 10 mL of
anhydrous and deoxidized toluene and 0.7 g (5.4 mmol) of
NEt(i-Pr),. The whole mixture was stirred until the starting
iridium(I) complex was dissolved completely, and then 0.274
g (1.5mmol) of 1,3-diethynyltetramethyldisiloxane and 1.02
g (5.1 mmol) of ISiMe; were added to the resulting mixture.
The reaction was carried out at a temperature of 80° C. until
complete conversion of 1.3-diethynyltetramethyldisiloxane.
After the reaction was completed, in order to remove the
catalyst from the reaction mixture, the solvent was evaporated
along with any residual unreacted substrates, and then the
residue was transferred onto a chromatographic column
packed with silica gel and the product was isolated using
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hexane as eluent. The product was 0.45 g of 1,3-bis(trimeth-
ylsilylethynyl)-1,1,3,3-tetramethyldisiloxane, obtained with
ayield of 92%.

EXAMPLE 11

Following the procedure used in Example 10, a reaction was
carried out between:
0.292 g (1.5 mmol) of 1,2-bis(dimethylethynylsilyl)ethane
0.96 g (5.1 mmol)of ISiMe,
in the presence of
0.017 g (0.03 mmol) of the complex [{Ir(u-C1)(CO),},]
0.70 g (5.4 mmol) of NEt(i-Pr),
The product was 0.44 g of 1,2-(bis(trimethylsilylethynyl)
dimethylsilyl)ethane, obtained with a yield of 86%

EXAMPLE 12

Following the procedure used in Example 10, a reaction was
carried out between:
0.189 g (1.5 mmol) of 1,4-diethynylbenzene
1.02 g (5.1 mmol) of ISiMe,
in the presence of:
0.01.7 g (0.03 mmol) of the complex [{Ir(u-C1)(CO),} ]
0.70 g (5.4 mmol) of NEt(i-Pr),
The product was 0.39 g of 1,4-bis(trimethylsilylethynyl)ben-
zene, obtained with a yield of 97%.

EXAMPLE 13

Following the procedure used in Example 10, a reaction was
carried out between:

0.255 g (1.5 mmol) of diethynylmethylphenylsilane

1.02 g (5.1 mmol) of ISiMe,

in the presence of:

0.017 g (0.03 mmol) of the complex [{Ir(n-C1)(CO),},]

0.70 g (5.4 mmol) of NEt(i-Pr),

The product was 0.43 g bis(trimethylsilylethynyl)phenyl-
methylsilane, obtained with a yield 0f91%.

EXAMPLE 14

Following the procedure used in Example 10, a reaction was
carried out between:
0.384 g (1.5 mmol) of diethynyldiphenylsilane
1.02 g (5.1 mmol) of ISiMe,
in the presence of:
0.017 g (0.03 mmol) of the complex [{Ir(nC1))(CO),},]
0.70 g (5.4 mmol) of NEt(i-Pr),
The product was 0.54 g bis(trimethylsilylethynyl)diphenyl-
silane, obtained with a yield of 96%.

EXAMPLE 15

A reactor with a capacity of 40 mL, equipped with a mag-
netic stirrer was filled, under argon atmosphere, with 0.0085
g (0.015 mmol) of [{Ir(u-C1)(CO),},], and then with 25 mL
of'anhydrous and deoxidized toluene and 0.7 g (5.4 mmol) of
NEt(i-Pr),. The whole mixture was stirred until the starting
iridium(I) complex was dissolved, and then 0.598 g (3 mmol)
of (Me,Si),NCH,C=CH and 0.96 g (4.8 mmol) of ISiMe,
were added to the resulting mixture. The reaction was carried
out at a temperature of 80° C. until complete conversion of
(Me;Si1),NCH,C=CH. After the reaction was completed, in
order to remove the catalyst from the reaction mixture the
solvent was evaporated at a reduced pressure along with any
residual unreacted substrates, and then anhydrous pentane
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was added to the residue. The resulting suspension was fil-
tered and the resulting deposit was rinsed with two portions of
a solvent. The solvent was initially evaporated from the fil-
trate, and the residual product was distilled by means of the
“trap-to-trap” technique at a reduced pressure to obtain 1.45
g of 1-(N,N-bis(trimethyl-silyl )Jamino)-3-trimethylsilylprop-
2-yne, obtained with a yield of 96%.

EXAMPLE 16

Following the procedure used in Example 15, a reaction was
carried out between:

1.57 g (6 mmol) of 3-N,N-bis(trimethylsilylamino)pheny-

lacetylene

1.92 g (9.6 mmol) of ISiMe,

in the presence of

0.034 g (0.06 mmol) of the complex [{Ir(n-Cl),},]

1.40 g (10.8 mmol) of NEt(i-Pr),
The product was 1.9 g of 1-(3-N,N-bis(trimethylsilyl)ami-
nophenyl)-2-trimethylsilylethyne, obtained with a yield of
95%.

EXAMPLE 17

Following the procedure used in Example 15, a reaction was
carried out between:

1.57 g (6 mmol) of 3-N,N-bis(trimethylsilylamino)pheny-

lacetylene

1.92 g (9.6 mmol) of ISiMe,

in the presence of

0.0403 g (0.06 mmol) of the complex [{Ir(n-Cl)(cod)},]

1.40 g (10.8 mmol) of NEt(i-Pr),
The product was 1.9 g of 1-(3-N,N-bis(trimethylsilyl)ami-
nophenyl)-2-trimethylsilylethyne, obtained with a yield of
78%.

EXAMPLE 18

A reactor with a capacity of 40 mL, equipped with a mag-
netic stirrer was filled, under argon atmosphere, with 0.0085
2 (0.015 mmol) of [{Ir(u-C1)(CO), },], and then with 8 mL of
anhydrous and deoxidized toluene and 0.7 g (5.4 mmol) of
NEt(i-Pr),. The whole mixture was stirred until the starting
iridium(I) complex was dissolved, and then 0.535 g (3 mmol)
of 4-ethynylbiphenyl and 0.96 g (4.8 mmol) of ISiMe; were
added to the resulting mixture. The reaction was carried out at
a temperature of 80° C. until complete conversion of 4-ethy-
nylbiphenyl. After the reaction was completed, in order to
remove the catalyst from the reaction mixture the solvent was
evaporated at a reduced pressure along with any residual
unreacted substrates. The silylation product was extracted by
means of pentane using a cannula system. The solvent was
initially evaporated from the extract, and then raw product
was purified on a SiO,-packed column (modified with a 15%
hexane solution of Et;N), using hexane as eluent. The product
was 0.706 g of 4-(trimethylsilylethynyl)biphenyl, obtained
with a yield of 94%.

EXAMPLE 19

Following the procedure used in Example 18, a reaction was
carried out between:
1.07 g (6 mmol) of 4-ethynylbiphenyl
1.92 g (9.6 mmol) of ISiMe;,
in the presence of
0.017 g (0.03 mmol) of the complex [{Ir(u-C1)(CO),} ]
1.40 g (10.8 mmol) of NEt(i-Pr),
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The product was 1.44 g of 4-(trimethylsilylethynyl)biphenyl,
obtained with a yield of 96%.

EXAMPLE 20

Following the procedure used in Example 18, a reaction was
carried out between:
0.457 g (3 mmol) of 1-ethynylnaphthalene
0.96 g (4.8 mmol) of ISiMe,
in the presence of:
0.0085 g (0.015 mmol) of the complex [{Ir(n-CS)(CO),}.]
0.70 g (5.4 mmol) of NEt(i-Pr),
The product was 0.639 g of 1 -(trimethylsilylethynyl)naphtha-
lene, obtained with a yield of 95%.

EXAMPLE 21

Following the procedure used in Example 18, a reaction was
carried out between:
0.914 g (6 mmol) of 1-ethynylnaphthalene
1,92 g (9.6 mmol) of ISiMe,
in the presence of:
0.017 g (0.03 mmol) of the complex [{Ir(u-C1)(CO),},]
1.4 g (10.8 mmol) of NEt(i-Pr),
The product was 1.305 g of 1 -(trimethylsilylethynyl)naphtha-
lene, obtained with a yield of 97%,

EXAMPLE 22

Following the procedure used in Example 18, a reaction was
carried out between:

0.684 g (3 mmol) of 2-(4-ethynylphenyl)-4,4,5,5-tetram-

ethyl-1,3,2-dioxoborate

0.96 g (4.8 mmol) of ISiMe,

in the presence of:

0.017 g (0.03 mmol) of the complex [{Ir(n-C1)(CO),},]

0.70 g (5.4 mmol) of NEt(i-Pr),
The product was 0.807 g of 2-(4-trimethylsilylethynylphe-
nyl)-4,4,5,5-tetramethyl-1,3,2-dioxoborate, obtained with a
yield of 94%.

EXAMPLE 23

Following the procedure used in Example 18, a reaction was
carried out between:

1.368 g of (6 mmol) of 2-(4-ethynylphenyl)-4,4,5,5-tet-

ramethyl-1,3,2-dioxoborate

1.92 g of (9.6 mmol) of ISiMe,

in the presence of:

0.034 g of (0.06 mmol) of the complex [{Ir(u-C1)(CO),}.]

1.4 g of (10.8 mmol) of NEt(i-Pr),
The product was 1.649 g of 2-(4-trimethylsilylethynylphe-
nyl)-4,4,5,5-tetramethyl-1,3,2-dioxoborate, obtained with a
yield of 96%.

EXAMPLE 24

A reactor with a capacity of 40 mL, equipped with a mag-
netic stirrer was filled, under argon atmosphere, with 0.017 g
(0.03 mmol) of [{Ir(u-C1)(CO),}.], and then with 25 mL of
anhydrous and deoxidized toluene and 0.7 g (5.4 mmol) of
NEt(i-Pr),. The whole mixture was stirred until the starting
iridium(I) complex was dissolved, and then 0.785 g (3 mmol)
of 4-(Me;Si),NC,H,C=CH and 0.96 g (4.8 mmol) of
ISiMe, were added to the resulting mixture. The reaction was
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carried out at a temperature of 80° C. until complete conver-
sion of 4-(Me;Si),NC,H,C=CH. After the reaction was
completed, in order to remove the catalyst from the reaction
mixture the solvent was evaporated at a reduced pressure
along with any residual unreacted substrates, and then anhy-
drous pentane was added to the residue. The resulting sus-
pension was filtered and the resulting deposit was rinsed with
two portions of a solvent. The solvent was initially evaporated
from the filtrate, and the residual product was distilled by
means of the “trap-to-trap” technique at a reduced pressure to
obtain 0.941 g of 1-(4-N,N-bis(trimethyl-silyl)aminophe-
nyl)-2-trimethylsilylethyne, obtained with a yield of 94%,

EXAMPLE 25

Following the procedure used in Example 18, a reaction was
carried out between:
1.57 g (6 mmol) of 4-N,N-bis(trimethylsilylamino)pheny-
lacetylene
1.92 g (9.6 mmol) of ISiMe;,
in the presence of
0.034 g (0.06 mmol) of the complex [{Ir(u-C1)(CO),} ]
1.40 g (10.8 mmol) of NEt(i-Pr),
The product was 1.9 g of 1-(4-N,N-bis(trimethylsilyl)ami-
nophenyl)-2-trimethylsilylethyne, obtained with a yield of
95%.
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The invention claimed is:
1. (Triorganosily)alkynes, having the general formula 1,

RL—C=C—7 1)

in which
R! denotes —SiR*R*R* where R’R*R* are equal and
denote a C,_; alkyl group or phenyl,
Z denotes 3-N,N-bis(trimethylsilylamino)phenyl, or
4-N,N-bis(trimethylsilylamino)phenyl.
2. A method to obtain (triorganosilyl)alkynes having the
general formula 1,

RL—C=C—7 1)

in which

R! denotes —SiR*R*R* where R’R*R* are equal and
denote
a C, salkyl, or,
a phenyl,

Z denotes 3-N,N-bis(trirnethylsilylamino)phenyl, or
4-N,N-bis(trimethylsilylamino)phenyl,
wherein it consists in reacting a suitable terminal

alkyne having the general formula 9,

H—C=C—Z ©)

in which Z denotes the same as stated above,

and a suitable halo genotriorganosilane having the general
formula 10,

X—R! (10)

in which
X denotes Cl, Br, 1,
R! denotes the same as stated above,

10
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in the presence of an iridium catalyst having the general
formula 4,

H{Iru-ChH@L) ], *
in which L. denotes (CO), or cis, cis-1,5-cyclooctadiene

(cod),
and a tertiary amine having the general formula 5 in which
NA!AZA3 ©)

in which

A'A%A? are equal or different and denote a C, s alkyl,
a Cs_, cycloalkyl, an aryl, an arylalkyl where the
alkyl chain contains C,_,, an alkylaryl where the
alkyl chain contains C, _,, so that none of the sub-
stitutes is a heteroaryl or a heteroaryl derivative.

3. A method as claimed in claim 2 wherein the iridium
complex used is [{Ir(u-C1)(CO),} ,].

4. A method as claimed in claim 2 wherein the iridium
complex is used in an amount in the range from 0.01 to 4
mol% relative to the functional terminal alkyne group.

5. A method as claimed in claim 4 wherein the iridium
complex is used in an amount in the range from 0.5 to 1 mol%
relative to the functional terminal alkyne group.

6. A method as claimed in claim 4 wherein, in the synthesis
of'the compounds containing an amine substitute, the iridium
complex is used in an amount in the range from 0.5 to 2 mol
% relative to the functional terminal alkyne group.

7. A method as claimed in claim 2, wherein the amine
having the formula 5 is used in an amount not smaller than
that equivalent to the sum of a stoichiometric amount of the
hydrogen halide formed and a 2.2-fold excess relative to the
iridium ion in the complex used.
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